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何提高单粒子 SERS 检测的灵敏度成为 SERS 在细胞膜组成结构分析应用中的首
要问题。 


























一、发展如下策略提高了 SERS 检测的灵敏度： 
（1）制备了 SERS 性能优化的纳米粒子。合成了具有很好单分散性的边长
140 nm 的银立方体，边长 180 nm 的银截角八面体，以及以直径 120 nm 的金球
粒子为核，1-4 nm 的二氧化硅为壳层的 Au@SiO2 核壳结构纳米粒子。并通过暗




































Surface-enhanced Raman spectroscopy (SERS) is a highly sensitive technique 
that can obtain the fingerprint vibrational information of surface species, and can 
provide sensitivity up to single molecule level in some special conditions. There are 
two approaches available for SERS-based living cell research, one of which is 
extrinsic SERS labeling method, the other is direct detection method. Extrinsic SERS 
labeling method employs nanoparticles modified with resonance Raman molecules as 
SERS tags to label cells. Biomolecules can be detected indirectly through acquiring 
the SERRS signals of the tags. The function of SERS tags is similar to that of the 
fluorescent molecules. Direct detection method aims at directly acquiring SERS 
spectra of biomolecules in cells and highlights the essence of vibrational spectroscopy 
for the analysis of composition. However the structure and composition of cells are 
extremely complex and the scattering-cross of biomolecules is relative low. These 
factors result in that the accurate explanation of the SERS spectra is difficult and 
weak SERS intensity. These limit the broad application of direct SERS detection 
method to living cell systems. 
Hot spots existed in nanoparticles clusters can improve the sensitivity up to 
single molecule level. Hot spots are formed at a small gap between two or more 
nanoparticles. Molecules in cells can approach the hot spots through diffusing and 
other mass transfer ways, and thus the SERS signals can be greatly enhanced. The hot 
spots can greatly improve the sensitivity of SERS detection of molecules in cells. 
However, molecules on cell surface cannot go into the hot spots because surface 
limits the free traveling of molecules. The non-target molecules existed in air and 
solution environment around the cells can approach and cover the hot pots easily. The 
non-target molecules in the environment can generate a strong SERS signal and 
dominate the SERS spectra rather than the molecules on cell surface. In a word, it is 
necessary to develop single particle SERS for direct detection of the cell surface. The 
SERS enhancement of single particle is very small compared to the enhancement of 
















in the analysis of the structure and components of the cell surfaces. There is a push to 
overcome the weak enhancement limitation of this single particle method. 
The other problem in analysis of cell surfaces is how to improve the selectivity 
of SERS detection. SERS exhibits poor selectivity in living cell systems because of 
two reasons. One is the cell surfaces are repeatedly composed by several kinds of 
basic biomolecules, which share many common Raman fingerprint bands. The 
repeatability of biomolecules and the complexity of their distribution result the 
accurate translation of the Raman fingerprint bands into meaningful biological 
information is a big challenge. The second problem is we cannot accurately control 
the locations of nanoparticles on cell surface, and thus it is difficult to predict what 
biomolecules the NPs bind to and enhance their Raman signals. 
With emphasis on methodology, we therefore adopted a series of strategies 
including modification of the target molecules, optimization of the SERS performance 
of nanoparticles and optimization of the performance of instruments, aimed to 
overcome the poor sensitivity and selectivity of SERS detection.  
The main results in this thesis are listed as below: 
First, improvement of the sensitivity of SERS detection 
(1)  Preparation of nanoparticles with optimal SERS performance. Synthesis of 
monodisperse Ag nanoparticles with uniform sizes: nanocubes (d ≈ 140 nm), nano 
cuboctahedra (d ≈  180 nm), and core shell nanoparticles with 120 nm Au 
nanosphere as core and 1- 4 nm silica as shell (Au@SiO2). The correlation between 
the structure and the optical properties arising from the LSPR, from various individual 
particles is described using correlated LSPR/SERS/SEM method. 
(2) Improvement the sensitivity of target molecules. Toward this goal, we 
synthesiz the unnatural sugars bearing Raman tags such as the alkynyl, azide and CD 
bonds as target molecules for SERS detection. The cell surfaces can be metabolically 
labeled with these tags by treating cells with theses unnatural sugars. Target molecules 
bearing these tags can significantly shift the Raman vibration in the Raman silent 
region of a cell (approximately 2000 cm-1 to 2600 cm-1). The Raman vibration of 
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